abstract BACKGROUND AND OBJECTIVES: Examination of regional care patterns in antenatal corticosteroid use (ACU) rates may be salient for the development of targeted interventions. Our objective was to assess network-level variation using California perinatal care regions as a proxy. We hypothesized that (1) significant variation in ACU exists within and between California perinatal care regions, and (2) lower performing regions exhibit greater NICU-level variability in ACU than higher performing regions.
In the United States, ∼60 000 very low birth weight (VLBW, ,1500 g) infants are born annually. These infants require prolonged stays in the NICU and frequently ongoing subspecialty care throughout childhood. 1 Improving the care of preterm infants is important to reduce adverse consequences to patients, families, and society. Administration of antenatal corticosteroids, ideally provided 48 hours before delivery, is safe for mother and infant and effective in preventing death, as well as potentially devastating short-and long-term complications of infants born prematurely between 24 and 34 weeks' gestation. 2, 3 If all mothers who are eligible for antenatal steroids were fully treated in the United States, .1000 newborn lives might be saved, and .3000 cases of respiratory distress syndrome could be avoided. Such an improvement would represent a reduction of 5% in neonatal mortality rates. 4 Recent research estimates the number of newborn lives saved through full treatment with antenatal steroids might be as high as 500 000 worldwide. 5 Antenatal corticosteroid use (ACU) increased from 24% to 72% from 1991 to 1999, 6 but the pace of adoption has since slowed, increasing only to 77% by 2009. 7, 8 In 1998, a collaborative quality improvement effort sponsored by the California Perinatal Quality Care Collaborative (CPQCC) was successful in improving ACU rates from 76% to 86% among 25 participating NICUs. 9 However, collaborative quality improvement efforts only reach a small proportion of the state's 140 NICUs and those that volunteer to participate are not a representative sample. For all NICUs to improve their ACU rates, a new approach to quality improvement is needed.
With the advent of the Affordable Care Act and the increasing formation of Accountable Care Organizations (ACOs), the traditional fee-for-service payments will be replaced by various global payment arrangements. 10, 11 Under global payment arrangements, provider ACOs are at financial risk with respect to their quality of care delivery, providing an impetus to monitor and optimize quality of care across the delivery network. This situation provides an impetus for perinatal centers to monitor and optimize quality of care delivery across their delivery network. Therefore, network-level quality improvement may provide an intriguing opportunity to achieve excellence in care delivery. Variation in quality across networks that is not explained by clinical risk may signal an opportunity for network-level quality improvement. In this study, we used California Perinatal Regions as a proxy for "network," given that each perinatal region contains 1 or 2 perinatal centers and their referral NICUs. The hypotheses tested in this study were that:
1. Significant variation in ACU exists within and between California perinatal care regions, and 2. Lower performing regions exhibit greater NICU-level variability in ACU than higher performing regions.
The rationale for the first hypothesis was that the existence of variation at the regional level might reasonably be expanded to the network level. The second hypothesis is based on the implications of variability on quality of care delivery, arguing that regions with less variability exhibit more reliable care. 12,13
METHODS

Overview
Data for this observational study came from the CPQCC, whose membership consists of .130 hospitals, including all of the state's perinatal centers. The CPQCC maintains a real-time, risk-adjusted perinatal data system, using standardized data collection procedures to limit measurement bias. Medical record data abstracted locally are transmitted to CPQCC, where they are subjected to logic and completeness checks, including normalized range checks, and alerts for missing data fields. In the event of inconsistencies, data are reconciled against the medical record.
Sample
Our study sample included infants who had a birth weight of ,1500 g and a gestational age between 24 0/7 and 32 6/7 weeks born at a CPQCC member hospital between January 1, 2005 and December 31, 2011. The gestational age limit is congruent with inclusion criteria into the CPQCC small infant database and in accordance with other measures of quality endorsed by the National Quality Forum. 14 Using standard CPQCC definitions, we excluded patients who died within 12 hours of admission, and NICUs with ,30 eligible infants during the study period. We used multiyear analysis because of the small number of VLBW infants cared for at some of the institutions and to explore longitudinal trends in ACU.
Measures
Outcome Variables -ACU Rate
We calculated the proportion of infants born according to the selection criteria who had received antenatal corticosteroids. Responsibility for this therapy was attributed to the hospital of birth.
Explanatory Variables
We applied CPQCC standard operational definitions for all explanatory variables. Perinatal region was designated according to the California Department of Public Health (http://www.cdph.ca.gov/ programs/rppc/Pages/default.aspx). Figure 1 shows the regions and the number of CPQCC NICUs in each. Two of the regions are defined by membership in a large integrated health care system. Other explanatory variables were selected based on the existing literature. 8 We examined pregnancy-related and hospital-level variables. Pregnancy-related variables included maternal age at delivery (,20, 20 to 29, 30 to 39, .39 years), fetal distress (y/n), maternal hypertension (y/n), prolonged rupture of membranes (y/n), any prenatal care (y/n), multiple gestation (y/n), delivery mode (vaginal versus cesarean delivery), infant gender (male or female), and race (non-Hispanic black, Hispanic, non-Hispanic white, Asian/Pacific Islander, Native American, other). NICU levels were self-designated according to the classification described by the Academy of Pediatrics. 15 In addition, we examined hospital ownership (government, not-for-profit, forprofit, other), teaching hospital (y/n), and urban (urban versus rural).
Statistical Analyses
We conducted descriptive crosssectional and longitudinal analyses of simple proportions, means, medians, and ranges to examine our patient sample and trends in ACU over the study period. We developed 2 different models to test whether the regional differences in ACU rates were explained by differences in patient mix or care practices. For all models we designated region as a fixed effect as the variable of interest. For ease of interpretation we chose the region with highest rate of ACU usage as the referent group. To account for the repeated measures of NICU over time we included a random effect for NICU. Model 1 tested for differences in patient mix and used logistic regression to calculate the adjusted odds of maternal characteristics and ACU. Model 2 tested for differences in practices. Building on model 1, we added hospital level variables and NICU as a random effect. Given the longitudinal nature of the data, we also included year of birth as a covariate in the models.
Hypothesis 2: Lower Performing Regions Exhibit Greater NICU-Level Variability in ACU Than Higher Performing Regions
To examine whether higher performance correlated with more reliable care delivery, we plotted the relation between the median ACU rate and its interquartile range (IQR) for each region. We then divided NICUs into high performing and low performing regions based on their mean adjusted regional ACU rates over the entire study period. We used a 1-sided Wilcoxon Sum of Ranks test to assess whether the IQRs between the high and low performing groups were significantly different. All analyses were performed using SAS 9.4 (SAS Institute, Inc, Cary, NC).
Human Subjects Compliance
CPQCC data are collected for quality improvement and meet the criteria for de-identified data. The dataset is then further de-identified with respect to hospital for use as a research dataset. This study was approved by the CPQCC and the Stanford institutional review board. Figure 2 shows a significant
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FIGURE 1
California perinatal care regions as defined by the California Department of Public Health.
positive time trend in ACU across the study period by care region (P , .001). Figure 4 shows a bubble plot of each region's median ACU rates and IQR. The size of the bubble refers to the relative size of the region. There is a significant trend toward a higher IQR, (ie, more variability in care delivery in lower performing regions). Figure 5 exhibits a boxplot of ACU among regions whose performance was above and below the mean for the combined study period. High ACU regions have a smaller IQR and 95% confidence interval (CI) (ie, less variability). However, even within the high ACU regions, there are low performing NICUs, and even within the low ACU regions there are high performing NICUs. A 1-sided Wilcoxon test showed a trend for significance (P = .11); however, sample sizes in the groups were very small (4 and 7, respectively).
DISCUSSION
In this study, we examined population-based data on ACU across California perinatal care regions. We
FIGURE 2
Crude ACU rates by region of care over the study period. Group mean shows rising ACU over the study period (P , .001) but substantial variation across regions.
FIGURE 3
Crude ACU rates by region of care. Each box and whisker plot shows the median trend line, the IQR, and 95% CI. Region of care remained a significant predictor of ACU after adjusting for NICU, maternal, and institutional variables (P , .001). that network-level quality improvement may be an attractive new strategy to promote ACU.
The previous literature on ACU has focused on its variation at the hospital-level. For example, Lee et al examined ACU among 20 488 admissions to 17 tertiary level NICUs in Canada between 1996 to 1997 and found that antenatal corticosteroids were administered to 58% of mothers, ranging from 23% to 76%. 16 Wirtschafter et al showed improvements in ACU after a CPQCC Quality Collaborative among 25 NICUs with the median rates increasing from 80% to 87.8%. 9 Howell et al noted that 20% of infants in 3 NICUs in New York City failed to receive antenatal corticosteroids. 17 Lee et al found similar results across 128 NICUs in California. 8 Alleman et al demonstrated wide differences among the 16 centers of the Neonatal Research Network (median, 92%; range, 47% to 99% among infants .24 weeks' gestational age). 18 Our finding of variation in ACU at the level of care regions moves beyond quality as a hospital-based to a group-based phenomenon, implying that regional collaboration can be used to extend gains in ACU over and above strategies targeting individual hospitals.
Quality improvement science has stressed that reduction in variation is key to better quality since Walter Shewhart developed statistical process control nearly 100 years ago. 19 Each bubble represents a region. The sizes of the bubbles are proportionate to the number of VLBW infants in each region. The lower median ACU by region, the greater the IQR of care across NICUs in that region.
FIGURE 5
Box and whisker plot with a median and IQR, along with 95% CI and outliers. High ACU regions have a smaller IQR and 95% CI (ie, less variability). However, even within the high ACU regions there are low performing NICUs, and even within the low ACU regions there are high performing NICUs. 
CONCLUSIONS
We found significant positive trends in ACU across California during the study period, but persistent variation across perinatal care regions. Routine measurement of quality of care delivery that extends to the regionalor network-level combined with network-level quality improvement initiatives may offer a new approach to extend these gains.
